
The International Journal of Oral & Maxillofacial Implants 391

Immediate Placement of Implants into Periodontally
Infected Sites in Dogs: A Histomorphometric 

Study of Bone-Implant Contact
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Purpose: The placement of implants allows for re-establishment of function and esthetics following
tooth loss. Immediate implant placement is a relatively recent procedure and has advantages, such as
reduced number of surgical procedures, preservation of alveolar bone, reduction of cost and period of
edentulism, and increased patient acceptance. However, there are some specific contraindications for
the technique, such as the presence of an infection caused by periodontal disease and periapical
lesions. The objective of this study was to evaluate the percentage of bone-implant contact of immedi-
ate implants placed in periodontally infected sites. Materials and Methods: In the first phase, peri-
odontitis was induced with ligatures in the mandibular premolars of 5 mongrel dogs, using the con-
tralateral teeth as controls (received prophylaxis only). After 3 months, in the second phase of the
study, 40 implants were placed in the alveoli of both experimental and control teeth. After a healing
period of 12 weeks, the animals were euthanized, and the hemimandibles were removed, dissected,
fixed, and prepared for histomorphometric analysis of percentage of bone-implant contact. The Mann-
Whitney test was used for statistical analysis. Results: The results of the histomorphometric analysis
indicated mean bone-implant contact of 62.4% in the control group and 66.0% in the experimental
group, a difference that was not statistically significant. Discussion: Histomorphometric results
revealed similar bone-implant contact in both groups, with no signs of infection. Conclusions: It was
concluded that periodontally infected sites may not be a contraindication for immediate implantation
in this animal model system, if adequate pre- and postoperative care is taken. (INT J ORAL MAXILLOFAC

IMPLANTS 2003;18:391–398)
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Conventional endosseous implant protocol rec-
ommends a waiting period of up to 6 months

after tooth extraction before implant placement. This

delay is associated with inevitable postextraction
bone loss, which can contribute to insufficient bone
for implant placement and a long treatment period.

Immediate placement of root-form implants was
first described by Schulte1 after 8 years of follow-up
in humans. This technique was developed so that
problems related to conventional implant placement
would be minimized or eliminated.2–7 Immediate
implant placement is as safe and efficient as conven-
tional placement,8–10 with apparent osseointegration
even in different anatomic areas.11,12 Preservation of
bone height allows the placement of longer
implants in the posterior maxilla, avoiding an addi-
tional surgical procedure to reconstruct the bone
volume lost during healing.13 Immediate implant
healing, with or without guided bone regeneration
(GBR), can present a similar Plaque Index, degree
of gingival recession, and clinical attachment level
as conventionally placed implants,14 confirming the
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success rate reported by Watzek and coworkers15

when they placed implants to replace residual roots.
The advantages of immediate implant placement

are: elimination of the waiting period for regenera-
tion of the extraction sockets; maintenance of alveo-
lar dimension; fewer surgeries; decreased toothless
period, which reduces cost and increases patient
acceptance12,14,16; and potentially better axial place-
ment, esthetics, and subsequent biomechanical
prosthetic restoration.

Schwartz-Arad and Chaushu10 consider immedi-
ate implants contraindicated when there is purulent
exudate present; bone loss to the apex; intimate
contact with certain anatomic structures, such as the
mandibular canal, maxillary sinuses, or nasal cavity;
or clinical conditions that prevent primary flap clo-
sure. Although some consider infected sites a con-
traindication, Novaes Jr and Novaes17 reported that
success can be achieved if certain clinical pre- and
postoperative measures are followed, such as antibi-
otic administration, meticulous cleaning, and alveo-
lar debridement before surgery. Primary flap clo-
sure is also desirable when placing immediate
implants, and surgical techniques to extend the flap
and reduce or avoid exposure of the implant must
be considered.18

Immediate implant placement can be contraindi-
cated in the presence of periapical and periodontal
lesions.16,19–22 However, Novaes Jr and associates,23

in a histomorphometric evaluation of immediate
implant placement in dogs with induced periapical
lesions, reported that osseointegration occurred in
both experimental and control sites. According to
these authors, immediate implant placement in the
presence of periapical endodontic lesions is not con-
traindicated if appropriate therapy is carried out.
However, immediate placement in periodontally
infected extraction sites needs to be studied more
comprehensively.

This investigation evaluated histomorphometri-
cally the percent of bone-implant contact of imme-
diate implants placed into periodontally infected
alveoli in dogs.

MATERIALS AND METHODS

Five young adult male mongrel dogs, weighing
approximately 10 kg each, were used in this study.
The animals had intact maxillae, atraumatic occlu-
sion, and no oral viral or fungal lesions, and they
were in good general health, with no systemic
involvement. The procedures were in accordance
with guidelines approved by the Council of the
American Psychological Society (1980) for the use of
animal experiments and were divided into 2 phases.

Phase I
The dogs were not fed the night before the surgical
procedure. They received 2% Rompun (Bayer,
Porto Alegre, RS, Brazil; 20 mg/kg at the dosage of
0.5 mL/10 kg intramuscularly); and were then anes-
thetized with 1 mL/kg thiopental (Cristália Labora-
tory, Itapira, SP, Brazil; 20 mg/kg Thiopental,
diluted in 50 mL saline intravenously).

Surgery was carried out by quadrants in each ani-
mal. In the first, second, third, and fourth mandibu-
lar premolars on the control side, the teeth received
prophylaxis only. The contralateral side was used as
the experimental group, where periodontitis was
induced according to the technique of Schliephake
and Kracht.24 In summary, a nonresorbable silk
suture was placed into infrabony pockets of approxi-
mately 1 mm in depth, which were created around
each premolar after dissection of the marginal peri-
odontium (Fig 1). After repositioning of the peri-
odontal flaps, the wound was closed with resorbable
sutures. The silk sutures were left in place for 3
months, during which time the animals were exam-
ined clinically every 4 weeks. At the end of 3
months, radiographs were taken to confirm the loss
of alveolar bone height. Since the purpose of this
phase was to induce periodontal infection, no pro-
phylactic measures were taken.

Phase II
After 3 months of periodontal disease induction, the
ligatures were removed. Attachment loss was
observed clinically, which resulted in an increase of
probing pocket depth and exposure of the bifurca-
tions. The root surfaces were not cleaned, and gran-
ulation tissue was not removed.

Periodontal infection was confirmed by the pres-
ence of deep periodontal pockets, bleeding on

Fig 1 A silk suture is placed into an infrabony pocket created
around premolar teeth.



The International Journal of Oral & Maxillofacial Implants 393

NOVAES ET AL

probing, exudation after soft tissue compression,
and radiographic evidence of bone loss and furca-
tion involvement. After confirmation of periodontal
disease at the experimental sites, the animals were
anesthetized in the same manner as described in
phase I of the experiment. The night before the
second surgery, the animals received 20,000 IU
penicillin and 1.0 g streptomycin/10 kg body
weight intramuscularly (Pentabiótico Veterinário de
Pequeno Porte, Wyeth Laboratory, São Bernardo
do Campo, SP, Brazil). Because each dose provided
antibiotic coverage for 4 days, another dose was
injected 4 days later, for a total of 8 days of antibi-
otic coverage. This is a broad-spectrum antibiotic
commonly used to treat infections in small ani-
mals23 and has a systemic and local effect on the
control of the periodontal infection.

Full-thickness flaps were created on the experi-
mental and control sides in the area of the first to
fourth mandibular premolars. The teeth were sec-
tioned in a buccolingual direction at the bifurcation,
so that the roots could be individually extracted
without damaging the bony walls. After extraction,
the sites were meticulously debrided following a
protocol previously described,17 which involved
curettage of the alveoli to remove all soft tissue tags
and to stimulate resorption of the cortical lining, so
as to expose the marrow cavities.

The sites were then irrigated with a 50 mg/mL
solution of tetracycline hydrochloride, and Frialit-2
implants (Friadent, Mannhein, Germany) with a
grit-blasted/acid-etched surface, 4.5 mm in diame-
ter and 8 mm in length, were placed immediately (4
implants each side; n = 40 implants total). The
implants were placed according to the manufac-
turer’s instructions, and flaps were sutured with
resorbable sutures. The implants used are well
suited for immediate implantation since they are
rootlike in shape, ie, they are wider cervically to
adapt clinically to the alveolar walls and taper api-
cally so that smaller amounts of bone need to be
removed during site preparation. The animals were
maintained on a soft diet for 14 days. Healing was
evaluated periodically, and the teeth were cleaned
monthly with ultrasonic points.

The animals were sacrificed with an overdose of
thiopental 12 weeks after implant placement. Hemi-
mandibles were removed, dissected, and fixed in 4%
phosphate-buffered formalin (pH 7) for 48 hours
and transferred to a solution of 70% ethanol until
processing. The specimens were dehydrated in
increasing concentrations of alcohol up to 100%;
infiltrated and embedded in resin (LR White, Lon-
don Resin Company, Berkshire, England); hard-sec-
tioned using the technique described by Donath

and Breuner25; and stained with Stevenel’s blue and
Alizarin red S.

Histomorphometric Analysis 
One longitudinal histologic mesiodistal section
from each implant was evaluated, in accordance
with several authors,26–29 using an optic microscope
(Axiophot, Zeiss, Oberkochen, Germany) at 50�
magnification. The microscopic images were cap-
tured by a videocamera (Sony CCD-IRIS, Sony
Electronics, San Jose, CA) and digitized by a video
grabber (Snappy, Play, Rancho Cordova, CA). Mor-
phometry software (MetaMorf, Universal Imaging,
West Chester, PA) was used to analyze the sections.
With this system, the percent of implant-bone con-
tact was determined from the middle third of the
implants in accordance with Novaes Jr and associ-
ates23 and Evans and colleagues.30 The middle third
of the implants was analyzed purposely to avoid the
cervical third, because of possible resorption of the
bone crest, and the apical third, because implants
could closely approximate or slightly penetrate the
superior wall of the inferior alveolar canal. The
measurements started 2 mm below the bone mar-
gin, an area still possibly affected by the induced
infection, because the anaerobic bacteria and their
products induce a complex immune and inflamma-
tory process within the periodontal tissues that will
not only affect the whole quadrant in question, but
may even be disseminated to other parts of the
body.31 A single blinded investigator, who had no
knowledge of whether the sections were experimen-
tal or control, performed the analysis.

Statistical Analysis
The Mann-Whitney test was used for statistical
analysis, with the level of significance set at 5%,
using the implants as well as the dogs as experimen-
tal units.

RESULTS

Clinical Findings
In phase I (first 3 months), periodontal infection
was successfully induced on the experimental side
(Fig 2a), with the presence of deep periodontal
pockets as well as bleeding on probing and exuda-
tion after soft tissue compression. Bone loss and
furcation involvement were observed radiographi-
cally (Fig 2b) on the experimental side. The control
side had normal periodontal structures (Fig 2c).

Based on these findings, phase II began with
extraction of the teeth. Figure 3a depicts the control
teeth and Fig 3b the experimental teeth. After
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Fig 2a Plaque accumulation during the 3 months of phase I on
the experimental side.

Fig 2b Radiographic aspect of experimental teeth after 3
months of phase I. Note bone loss in bifurcation and interproxi-
mal areas, indicating presence of periodontal disease.

Fig 2c Radiographic aspect of control teeth after phase I. Good
quality bone is apparent, and there is no evidence of radiolucen-
cies.

Fig 3a Clinical aspect of control side at the time of extraction.
Normal levels of alveolar bone can be seen.

Fig 3b Clinical aspect of teeth at extraction on experimental
side after cleaning and removal of granulation tissue to demon-
strate the bifurcation and bone loss.
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extraction, implants were placed on both sides (Fig
4). Healing progressed uneventfully during the 12-
week postoperative period, without significant
inflammation or exudate on either the experimental
or the control side. At the time of sacrifice, radi-
ographic evaluation showed a loss of 3 implants in
the experimental group and 5 implants in the con-
trol group. All other implants were clinically stable
at the end of the experiment.

Histologic Observations
The bone-implant interface had mineralized bone
matrix in intimate contact with the implant surface.
The bone tissue was characterized by concentric or
parallel lamellar formations. Trabecular spaces of
different diameters were covered by endosteum, and
at some points were in close contact with the
implant surface.

Histomorphometric Findings 
Histomorphometric analysis revealed small differ-
ences in the percentage of bone-implant contact
(Figs 5a and 5b). Figure 5c shows the same struc-
tures as in Fig 5b with polarized light microscopy. 

The mean percentage of direct bone-implant
contact around the middle third of the experimental
implants was 66.0 ± 19.6% (range 15.71% to
85.61%) and around the control implants was 62.4
± 19.6% (range 21.18% to 88.52%). The difference
was not statistically significant (Table 1; P � .5).
When each dog was used as an experimental unit,
the differences were also not statistically significant.
This analysis indicated mean bone-implant contact
in the control group of 61.71 ± 8.4% (range 53.09%
to 76.35%) and in the experimental group 66.64 ±
9.61% (range 45.73% to 80.57%).

Fig 4 Immediate implantation of root-analog implants after
extraction of premolar teeth in dogs. 

Fig 5a Photomicrograph (�50) showing
bone (orange) in direct contact with implant
(black) of the experimental group. 

Fig 5b Photomicrograph (�125) showing
bone (orange) in direct contact with implant
(black) of the control group.

Fig 5c Photomicrograph (�125) of the
same area, using polarized light micro-
scopy. 



DISCUSSION

Different animals have been used to establish exper-
imental periodontal disease with histologic, patho-
logic, and microbiologic characteristics similar to
those of humans, including rats,32,33 squirrel mon-
keys,34 rhesus monkeys,35 arctoides monkeys,36

cynomolgus monkeys,37–39 and ferrets.40 It has thus
been shown that the placement of silk ligatures at
the gingival margin leads to plaque accumulation
and marginal periodontitis, with loss of connective
tissue attachment and loss of alveolar bone in all of
these animals. The more commonly used animal is
the dog, as cited in the following studies.

Dogs are susceptible to naturally occurring peri-
odontal disease and experimental periodontitis,
leading to alveolar bone loss. In dogs, periodontitis-
associated plaque is easily induced,41,42 and among
the observed effects are enhanced subgingival
plaque accumulation; a pronounced increase in gin-
gival exudation; rapid formation of periodontal
pockets; loss of alveolar bone, attachment, and
tooth substance (resorption); and an apical displace-
ment of the gingival margin.43,44 The techniques
used most often to induce this are the placement of
an elastic band or a silk suture in the cementoe-
namel junction45,46 or surgical creation of bone
defects.47,48 In the present study, both silk sutures

and surgically created bone defects, in accordance
with Schliephake and Kracht,24 were used and
resulted in a Class III furcation lesion, observed
both clinically and radiographically.

Healing occurred without problems. However, at
sacrifice, there was a loss of 3 implants in the exper-
imental group and 5 implants in the control group.
This may occur if the diameter of the distal alveolus
of the fourth premolar is slightly larger than that of
the implant used. In spite of the fact that there was
initial vertical bone-implant contact in the present
study, soft tissue may have migrated into the vacant
spaces as a result of the smaller diameter of the
implant. In addition, implant loss is considered a
normal finding in animals, especially in dogs.49–51

For the histometric analysis, the middle third of
the implants was analyzed23,30 to intentionally avoid
the cervical third (because of possible resorption of
the bone crest52–54) and the apical third (because
implants can closely approximate or slightly pene-
trate the superior wall of the inferior alveolar canal);
both are common findings in studies with dogs.

The percent of bone-implant contact in this
study was 62.4% for control implants and 66.0%
for experimental implants, which was not statisti-
cally significantly different. This percent of bone-
implant contact is greater than the mean of 47.9%
reported by Ettinger and associates,55 who sug-
gested that there can be a wide variation in bone-
implant contact, depending on the quality of bone
at any site and the remodeling process that is going
on at the time. Implant surface characteristics may
have positively influenced these results as suggested
by Wong and coworkers.56 They concluded in their
paper that rough surfaces, such as the one used in
this study, allow stronger early biomechanical reten-
tion with better bone-implant contact versus
smooth surfaces.

Immediate implant placement has the advantage
of preserving the height and width of the alveolar
bone.11,21,57–59 Thus, it is one more treatment
option that can be used when the loss of teeth is
inevitable because of periodontal disease, if bone
loss caused by the disease is not so dramatic as to
prevent implant support. According to Lazzara,3
one of the main diagnostic parameters that must be
considered when evaluating a patient for dental
implants is the amount of bone at the receptor site.
Both the vertical height and the buccolingual bone
dimensions must be considered in determining
whether an endosseous implant can be placed. With
these parameters, immediate implantation in cases
of periodontal disease can be possible, safe, and easy,
with results similar to those in disease-free sites.
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Table 1 Percentage of Bone-Implant Contact

Implant Control Experimental
no. group group

1 79.2305 70.284
2 59.382 78.0525
3 76.291 56.663
4 60.867 47.6055
5 75.8265 65.347
6 36.7165 15.714
7 34.3905 85.406
8 21.182 79.428
9 88.521 78.8155
10 76.354 75.4855
11 77.297 77.748
12 56.9925 72.6085
13 75.07 74.1055
14 46.878 27.9235
15 70.379 57.047
16 — 85.612
17 — 74.7495
Mean 62.4 66.0
Median 70.4 74.1
SD 19.6 19.6

Mann-Whitney test (P = .597).
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SUMMARY

The objective of this study was to evaluate the
extent of bone-implant contact of implants placed
in alveoli immediately after extraction of teeth with
periodontal disease. In this animal population, the
results of this study support the conclusion that
periodontally infected sites may not be a contraindi-
cation for immediate implants, if appropriate antibi-
otics are administered preoperatively and postoper-
atively, and if meticulous cleansing and debridement
of the alveoli are performed before implant place-
ment, as described by Novaes Jr and Novaes17 and
Novaes and coworkers.23
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